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INTRODUCTION
A major requirement of geotechnical 
engineering is an understanding of the soil 
and rock profile below a proposed develop-
ment. In southern Africa a major method 
of doing this is by in situ test methods. 
The Site Investigation Code of Practice, 
published by the South African Institution 
of Civil Engineering – Geotechnical Division 
(2009) – categorises in situ tests in two broad 
groups: penetrometer tests carried out from 
ground level and borehole probes. An exam-
ple of a penetrometer test is the Dynamic 
Probe Super Heavy (DPSH) test, and an 
example of a borehole probe is the Standard 
Penetration Test (SPT).
In 1988 International Reference Test 
Procedures (IRTP) were outlined for both 
the SPT and the various Dynamic Probe 
(DP) tests, into which the DPSH test falls, so 
that the testing methods worldwide could be 
consolidated. However, the IRTP fell short of 
standardising practice, as a standard would 
result in loss of local knowledge accumulated 
from local adaptations (Decourt et al 1988). 
Countries have different levels of capital 
investment, and adaptations are made to 
drilling techniques according to local ground 
conditions (Clayton 1995). In particular, vari-
ous different DP configurations exist in which 
the drop height and hammer weight are var-
ied. The IRTP suggested that further research 
should be carried out within its guidelines to 
facilitate international adoption of findings. A 
survey of South African practice in conduct-
ing the two tests has shown that the tests are 
carried out to a large extent consistently with 
the IRTP (MacRobert et al 2010).
Both tests are dynamic in that a 63,5 kg 
hammer is repetitively dropped 760 mm 
along a guide rail onto an anvil driving a 
string of rods with a probe attached at the 
end. However, the tests are different in the 
procedure followed and the probe shape. To 
undertake the SPT a small diameter (±76 mm) 
borehole is sunk and at set intervals (±1 m) 
a 50,5 mm diameter split spoon sampler is 
lowered into the borehole and percussed. 
The number of blows to penetrate 450 mm is 
recorded. The number of blows to penetrate 
the initial 150 mm is disregarded to account 
for material disturbed by the borehole pro-
cess. Hence the SPT N value is the number of 
blow counts to penetrate 300 mm. In the case 
of the DPSH a cone with a diameter of 50,5 
mm and apex angle 60o is driven continuously 
from ground level. Although common prac-
tice is to refer to DPSH penetration resistance 
values as DPSH n values, this can lead to con-
fusion, as a number of DP test configurations 
exist. These variations are in the drop height, 
hammer weight and distance over which blow 
counts are recorded. The various different DP 
configurations were brought together in the 
IRTP and incorporated into Eurocode 7 Part 
2 (EN1997-2:2007) along with a nomenclature 
for identifying each test’s resistance values. 
The South African DPSH testing method, 
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This paper presents a statistical method used to develop an empirical equivalence between the 
Standard Penetration Test (SPT) and the Dynamic Probe Super Heavy (DPSH) in sandy material. 
Penetration resistance values from the two tests are often taken as equivalent for design purposes, 
as the same drive energy is used in both. SPT and DPSH resistance values from different geological 
depositional and weathering environments were examined. The data came from the following 
areas across southern Africa: Matola in Mozambique, Gope in Botswana, Umdloti and Cape Town in 
South Africa, and Illha de Luanda in Angola. It was apparent that energy losses were greater in the 
DPSH test than in the SPT, leading to higher resistance values in the former. The SPT is carried out 
within a borehole, whereas the DPSH is continuously driven into the soil. The dynamic force applied 
to the DPSH rods causes soil to fill the small air annulus around the rods, exerting a frictional 
resistance. The different geological settings of the test sites revealed that, although different factors 
cause the friction, the equivalence varied in a similar manner. Hence a single correlation formula is 
suggested to determine equivalent SPT values from raw DPSH resistance values.
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as described above, conforms to most of the 
DPSH-B provisos. One difference is that the 
cone used has an apex angle of 60o instead of 
90o (MacRobert et al 2010). This makes the 
apex angle similar to that used in the SPT. 
Further research by Aggarwal (1982) showed 
that apex angle has negligible effect on pene-
tration resistance. Eurocode 7 Part 2 (EN1997-
2:2007) further suggests that the blow count 
be recorded over 100 mm or 200 mm. DP test 
method and penetration distance are incor-
porated by two subscripts following a capital 
N, for instance N20SB. South African practice, 
however, is to record DPSH penetration values 
over 300 mm, making the correlation with the 
SPT N value easier, as the blow count depth 
increments are the same. The Eurocode 7 
Part 2 (EN1997-2:2007) nomenclature is thus 
adopted in this paper and DPSH n values are 
referred to as N30SB.
The most widely used of the two tests 
has been the SPT. This was due mainly to 
the publication of Terzaghi and Peck’s Soil 
Mechanics in Engineering Practice (1948), 
which led to a great deal of research into 
the test and ensuing empirical relation-
ships (Broms & Flodin 1988). However, the 
popularity of the DPSH has grown as it 
closely models the SPT, providing cheap and 
easy data (Warren 2007). The Franki Blue 
Book, a widely used geotechnical engineering 
manual in southern Africa, suggests that 
the two tests should be taken as roughly 
equivalent in initial design (Braatvedt et al 
1995). This equivalence is based on the fact 
that the same drive energy is imparted to 
the probe per blow. This, however, assumes 
that energy losses due to friction along 
the drive rods are the same. A survey of 
engineers in South Africa has shown that 
the uncertainties around energy losses due 
to friction are the biggest stumbling block in 
adopting the DPSH in design (MacRobert et 
al 2010). This paper develops an empirical 
equivalence between the two tests so that 
correlations between design parameters 
and the respective penetration resistance 
values can be used interchangeably. This was 
done by examining field data in which both 
tests were conducted in slightly silty sand 
material formed in different depositional 
environments in southern Africa. The data 
came from countries that included Angola, 
Botswana, Mozambique and South Africa, 
and the maximum distance between two of 
the sites was roughly 4 000 km.
AIMS AND OBJECTIVES
The aim of the study was to evaluate the 
equivalence between SPT N and N30SB 
values, and hence to determine an empirical 
method to correlate data between the two 
tests. Wroth (1988) stated that any empirical 
correlation should be: (1) based on physical 
insight, (2) set against a theoretical back-
ground, and (3) expressed in dimensionless 
form. These three considerations formed the 
objectives of the study.
METHODOLOGY AND TEST SITES
To correlate the data between the DPSH 
and SPT, it was necessary to collect data 
in which both tests had been carried 
out within 5 m of each other. This was 
assumed to be close enough for similarity 
of geological conditions. Eight different 
data sets from different geological 
depositional and weathering environments 
were analysed. Data was obtained from 
previously conducted geotechnical site 
investigations undertaken by various 
practitioners, as carrying out the tests on 
the scale required for analysis was not 
financially feasible. Testing was therefore 
not carried out in a controlled manner by 
the authors, but was instead actual field 
data. This was not seen as a source of error, 
but rather an acknowledgement that in 
practical geotechnical investigatory work, 
painstakingly calibrating testing equipment 
is not often viable. The research therefore 
absorbed these errors and presents a 
practical solution. Table 1 describes various 
aspects of the test sites from which data was 
obtained.
In many of the investigations studied, 
the exact location of each probing was given 
on respective site diagrams, and therefore 
adjacent tests, within 5 m of one another, 
could be easily determined. However, when 
this was not the case, the mean, maximum 
and minimum values from each set of test-
ing were compared. In the latter cases the 
investigated sites were compact, as defined 
by the Site Investigation Code of Practice 
(2009), and hence small enough to assume 
homogeneity of geotechnical parameters.
SPTs were either undertaken every 1 or 
1,5 m within a profile, whereas the DPSH 
tests gave a continuous record. It was 
therefore necessary to create continuous 
and comparable data. This can be done by 
either averaging the N30SB values over the 
depth closely matching the SPT N value or 
estimating the SPT N values between results, 
which can then be compared to individual 
N30SB values. The latter method was adopted 
as it did not decrease the amount of collected 
data. One method to do this is with a natural 
cubic spline which has four constants and 
hence has enough flexibility to satisfy the 
differentiability requirement at the data 
points (Theobald 2008). A number of simul-
taneous equations needed to be solved and 
this was done with the aid of a computer 
program, resulting in data that could then be 
compared.
Borehole logs accompanied all the SPT 
data collected. The more extensive geo-
technical studies included test pits, grading 
testing, and microscopic and mineralogy 
testing. These sources of both qualitative and 
quantitative data allowed a comprehensive 
discussion of the trends to be undertaken. 
This was then used to set the theoretical 
background to the correlation, as well as to 
give physical insight into the phenomenon as 
per the objectives of the study.
The data was correlated in a method 
similar to that used by Cearns and McKenzie 
(1988) for DPSH and SPT results in sand 
and gravel material in East Anglia, England. 
More recently the same method was used by 
Warren (2007) in fine clayey sands with some 
clayey layers at Aldershot Garrison, England. 
The papers written by these authors provided 
a description of the statistical method used 
and hence it was easy to adopt and change the 
method as necessary. Cearns and McKenzie 
Table 1 Test sites
Test Site Investigation Description
Bellville, Cape Town, 
South Africa
Kantey & Templer conducted an investigation on a 0,1 ha site for a proposed 
office development.
Gope, Central Kalahari 
Desert, Botswana
Extensive investigations on a 450 ha site by Anglo American Civil 
Engineering Department for a proposed diamond mine.
Beluluane Industrial Park, 
Matola, Mozambique
Extensive investigation by Golder Associates Africa on an 11 ha site for a 
proposed steel mill.
Milnerton, Cape Town, 
South Africa
Kantey & Templer conducted an investigation on a 0,3 ha site for a proposed 
ground flare.
Parow, Cape Town, South 
Africa




Franki Africa carried out an investigation on a 0,4 ha site for a proposed 
retaining wall behind an apartment block.
Chicala, Illha de Luanda, 
Angola
Franki Africa carried out a limited investigation on a compact site for a 
proposed hotel.
Journal of the South African Institution of Civil Engineering • Volume 53 Number 1 April 201148
plotted the SPT N/N30SB ratio against the 
respective N30SB value. Plotting the data in 
this manner produced an inverse relationship 
that was then fitted with a curve to determine 
the correlation factor at each N30SB value. The 
mathematical formula of the fitted curve was 
not presented in their papers, and therefore 
only a graphical interpretation of the correla-
tion factors could be readily determined.
Changes to this method were deemed 
necessary, as a formula would be easier 
to apply practically. The ratio was thus 
reversed, and so the N30SB/SPT N ratio, 
KDPSH value, was plotted on the y axis 
against the respective N30SB value on the x 
axis. This resulted in a simple linear relation-
ship, defined by Equation 1, which was easier 
to analyse. Various linear regression signifi-
cance tests were then used to determine how 
well the relationship fitted the data. This 
produced a non-dimensional function that 
gives the correlation factor at each N30SB 
value, defined by Equations 2 and 3, as per 
the final aim of the paper.
KDPSH = a × N30SB + b (1)
where a and b are the slope and intercept of 
the linear regressions respectively.




Equation 1 is then substituted into Equation 
2 to give the non-dimensional function:
Equivalent SPT N = 
N30SB
a ´ N30SB + b  
(3)
The effectiveness of using the proposed 
correction formula was then compared to 
the graphically interpreted correction values 
determined by Cearns and McKenzie (1988) 
and Warren (2007). An example is then given 
illustrating how one of the collected data 
sets was corrected, showing how similar the 




 Tertiary and quaternary aeolian and 
fluvio-lucastrine sands cover the site with a 
variable layer of poorly developed calcified 
pedogenic material within. Microscopic 
analysis of material recovered at varying 
depths within a borehole found the material 
to have a high collapse potential (Fourie & 
Copeland 1998). Mineralogy analysis found 
the sand to be between 96-98% quartz and 
2-4% smectite interstratified clays. The fines 
content was roughly 7% but increased to 
roughly 40% in the calcified regions. Data 
presented in Figures 1 and 2 are from a 
number of different adjacent test pairs over 
a large area between 100 and 1 300 m apart, 
which explains the variation in resistance 
values in each test. The minimum resistance 
values from both tests generally agree over 
the entire profile. However, it was found that 
at set instances the N30SB values were much 
higher than the corresponding SPT N values. 
It is evident that the instances with high 
N30SB values on closer inspection appeared 
to coincide with the regions of calcified sand, 
located at different depths for each test pair, 
as illustrated by Figure 3.
Matola site
The site comprised an extensive silty sand 
dune deposit which became progressively 
consistent with depth. Investigations showed 
that the soil had an open-voided structure 
which results in a medium to high collapse 
potential (Golder Associates Africa 2008). 
Respective SPT N and N30SB data undertaken 
at Natural Moisture Content is presented in 
Figures 4 and 5. The SPT N values increased 
slightly with depth; however, the results 
became more scattered with depth. The 
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N30SB values increased steadily with depth. 
The increase in N30SB values with depth for 
the majority of the data was assumed to be 
caused by collapse of soil onto the DPSH 
rods, which does not happen in the case of 
the SPT, due to differences in test procedure. 
In an investigation that altered the amount of 
fine material in the soil of this region it was 
found that increasing the fines content sig-
nificantly increased the cohesion (Bloomfield 
& Jermy 2003). The grading analysis at the 
Matola Site showed that on average the fines 
content was 15% (Golder Associates Africa 
2008). As this material collapsed onto the 
rods, it is assumed that cohesion properties 
of the fines in the sand exert a frictional 
force on the rods.
According to Rust et al (2005), when 
saturated, the soils of this region show a 
decrease in strength due to a reduction in 
suction pressures associated with an increase 
in moisture content. Site investigation work 
showed that, when artificially saturated, 
there was a corresponding decrease in the 
recorded SPT blow count in the profile, 
as illustrated by Figures 6 and 7 (Golder 
Associates Africa 2008). This phenomenon 
must be kept in mind when analysing data in 
soil profiles that show a decrease in strength 
when saturated. SPT and DPSH tests under-
taken in dry conditions may overestimate 
the minimum strength mobilised when 
saturated.
Milnerton site
The site was characterised by a cover of 
transported loose to medium slightly silty 
fine sand, and residual very stiff clayey silt 
underlain by completely to highly weathered 
and fractured very soft greywacke rock 
(Kantey & Templer 2008). Data obtained 
from this site is presented in Figure 8. In 
the top 1,5 m section the results from both 
tests were relatively similar. However, below 
this the N30SB values increased rapidly. This 
rapid increase was assumed to be a result of 
the saturated slightly silty fine sand below 
this level collapsing onto the rods and exert-
ing a frictional force (MacRobert 2009). 
Parow site
The geology was reported to dip across 
the site resulting in different thicknesses 
of fill (layerworks), transported material 







































Figure 6  SPT N values after artificial saturation 
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Figure 7  Ratio between SPT N values at NMC 
and after artificial saturation 
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Figure 8  Continuous SPT N values and raw 






















Figure 9  Continuous SPT N values and raw 
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(medium-dense to dense variably silty fine 
sand), and residual material (firm becoming 
stiffer with depth slightly clayey silt). The 
water table was at a depth of between 1,2 m 
and 1,25 m (Kantey & Templer 2009). Data 
obtained from this site was plotted in Figure 
9. Although this entire profile was reported 
to be saturated, the depth at which material 
appeared to collapse onto the rods is deeper. 
This is probably responsible for the deeper 
depth at which the N30SB values increase 
above the SPT N values. 
Bellville site
The entire probed profile consisted of a 
transported fine- to medium-grained locally 
calcareous sand with a water table roughly 
between 1,5 to 2 m below ground level 
(Kantey & Templer 2007). Data obtained 
from this site is presented in Figure 10. 
The penetration resistance values obtained 
by both tests were very similar. However, 
the range of penetration resistance values 
recorded in the tests was much lower than in 
the case of all the other test sites.
Chicala site
A fine- to medium-grained sand covered the 
entire Chicala site to a depth roughly between 
18,5 and 21 m, with abundant shell fragments 
scattered over the profile. The ground water 
table was at a depth of between 16 and 12,5 m, 
and hence probing was assumed to be in 
essentially dry material (Franki Africa 2008). 
A number of DPSH and SPT probes were 
conducted at this site and the data produced 
are presented in Figure 11. Although on all 
the other sites the N30SB values tended to 
be higher than the respective SPT N values, 
for the Chicala site the N30SB values were 
particularly higher. The N30SB values also 
show a great deal of scatter. The borehole log 
recorded a large fraction of shell fragments in 
the profile. It is more probable that the shell 
fragments, randomly scattered in the profile, 
will come into contact with the continuous 
DPSH probe than the SPT probe carried 
out at set intervals. The shell fragments will 
Figure 10  Continuous SPT N values and raw 


























Figure 11  Continuous SPT N values and raw 
























Figure 12  Continuous SPT N values and raw 
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impede the probe. It is thus assumed that the 
higher and scattered N30SB values are a result 
of this factor. However, the borehole log was 
very limited and hence other factors may have 
been at play.
Umdloti site
A 6 to 7,50 m thick slightly moist to moist, 
fine to medium through coarse-grained sand 
was found to underlie the Umdloti site with 
the water table sitting at a depth of between 
5,30 and 8,50 m (Franki Africa 2003). 
Umdloti is a coastal town to the north of 
Umhlanga and is known to be underlain by 
recent littoral sands which have been locally 
redistributed and differ from the older Berea 
Formation with its characteristic collapsible 
fabric (Brink 1985). N30SB and SPT N data 
from this site are presented in Figure 12. The 
borehole log from this site was very limited, 
but note that the profile consisted of fine 
moist material which has been shown to 
result in larger N30SB values.
DEVELOPING AN EMPIRICAL 
RELATIONSHIP
Correlation factors for each site, KDPSH 
values, were determined and plotted on the 
y axis against the respective N30SB values on 
the x axis as illustrated in Figures 13 through 
to Figure 19. 
During the analysis of trends from each 
individual site it was envisioned that each 
site would result in site-specific correlation 
factors due to the different depositional 
environments. However, the trends obtained 
appeared to be very consistent with one 
another, barring data from the Chicala site. 
The Chicala site correlations showed a great 
deal of scatter and were much larger relative 
to all the other data sets. The large shell 
fraction and limited borehole information do 
not fully explain the Chicala site trends, thus 
proving justification for excluding this data 
set from further analysis.
It was found that low N30SB values 
(approximately below 20 blows per 300 mm) 
were approximately equivalent to the cor-
responding SPT N values. Gradual or sudden 
increases in the N30SB values over the entire 
profile, or at certain layers within the profile, 
can lead to erroneously high values.
A number of geological variables in 
soil profiles, as a result of the various 
depositional environments and pedogenic 
processes that formed the profiles, led to the 
differences in penetration resistance values 
recorded by the two tests. However, the 
nature in which the tests were undertaken 
also led to different penetration resistance 
values, although similar specific energies 
were imparted to the probes of the respec-
tive tests. No one common cause of the 
differences can be highlighted and so only 
a framework of variables can be highlighted 
and these are outlined below:
 ■ Pedogenic layers can develop to differ-
ing degrees within profiles, resulting 
in either weak or strongly cemented 
layers. At the Gope site the cementa-
tion was poorly developed, but resulted 
in an increase in both the fines and 
gravel fractions. Weak cementation 
between sand particles can be overcome 
by repeated vibrations or wetting. 
It is postulated that either the fines 
caused friction along the rods or the 
weak cementation and gravel particles 
impeded the DPSH probe. The continu-
ous nature of the DPSH resulted in a 













16080 100 120 1400 20 40 60
N30SB
 KDPSH = 0,03 N30SB + 1,0
 R2 = 0,5













16080 100 120 1400 20 40 60
N30SB
 KDPSH = 0,03 N30SB + 0,9
 R2 = 0,6













16080 100 120 1400 20 40 60
N30SB
 KDPSH = 0,01 N30SB + 0,5
 R2 = 0,2
Journal of the South African Institution of Civil Engineering • Volume 53 Number 1 April 201152
higher likelihood of it encountering this 
material. However, pedogenic layers can 
become very well developed resulting in 
strongly cemented layers which cannot 
be broken by repeated vibrations or wet-
ting. These strongly cemented layers can 
vary in thickness and position and can 
result in refusal at shallow depths. If the 
extent of the layer is not established by 
more rigorous procedures, false bearing 
capacity values can be determined.
 ■ The weathering regime that a profile 
undergoes can result in an open-voided 
structure comprising single-sized soil 
particles weakly cemented by silt and clay 
particles. It appeared that the percussive 
advancement of the DPSH caused the 
open-voided structure (collapsible fabric) 
to collapse into the air annulus around 
the DPSH rods. The fines fraction then 
exerted a frictional force on the rods, 
resulting in steadily increasing N30SB 
 values which were not observed in the 
SPT N values. The fact that the SPT 
was carried out in a borehole resulted 
in a larger air annulus around the rods, 
which did not become filled with soil, as 
this would have resulted in cessation of 
the test. The SPT and DPSH values that 
had been correlated were undertaken in 
dry soils. However, when saturated, the 
strength of this soil can decrease. SPT N 
values determined after artificially satu-
rating the profile were found to be much 
lower than those undertaken in the dry. 
These observations were made from the 
qualitative and quantitative data obtained 
from the Matola site.
 ■ For uniformly graded sands without 
a collapsible fabric, water appeared to 
have a different effect on the penetration 
resistance values recorded by the DPSH 
test. The moist sand appeared to fill 
the air annulus immediately and exert 
a frictional force on the rods. Unlike 
in the collapsible materials, where the 
penetration resistance values decreased, 
the penetration resistance values in 
moist sand increased. Due to the fact 
that the ground water level was not at the 
natural ground level, regions of differing 
saturation existed. It appeared that above 
the ground water table the blow counts 
recorded by the two tests were roughly 
equivalent. As the degree of saturation 
increased below the ground water table 
the amount of friction exerted on the 
rods appeared to increase. These phe-
nomena were observed for data from the 
Milnerton, Parow, Bellville and Umdloti 
sites. However, the variation in equiva-
lence caused by the saturation appeared 
to vary in the same manner as sources of 
friction in dry soil.
 ■ Only a limited number of depositional 
environments could be covered in this 
paper, although a number of other factors 
can come into play. The nature of the dep-
ositional process can result in interbedded 
horizons of various contents. These can 
include: varying degrees of silt/clay, pres-
ence of granular material, occurrence of 
cobbles and boulders, highly organic mate-
rial such as peat and shells, to name but 
a few. All of these can result in large and 
variable blow counts which can be misin-
terpreted as refusal. This was illustrated 
by the data collected from the Chicala site 
that had showed high and erratic N30SB 
values. Caution needs to be taken when 
analysing penetration resistance values 
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obtained in such material. Therefore a 
local knowledge of the underlying geology 
must always take precedence when inter-
preting SPT N and N30SB values.
Although a number of factors have been out-
lined to influence the penetration resistance 
results, there appears to be a common trend 
in the data. Data from all the sites, except the 
Chicala site, were therefore combined (see 
Figure 20 for the resulting correlation graph).
A number of linear regression statistical 
tests were undertaken on the data and these 
are presented in Table 2. The regression 
statistics showed that the linear model fits 
the data well, albeit with a relatively large 
standard error in y. This can be expected, 
due to the variable nature of geotechnical 
properties and testing practices. 
Using the values for the slope and inter-
cept from the correlation graph for the com-
bined data, the correction function, Equation 
3, could now be fully defined:
Equivalent SPT N = 
N30SB
0,02 ´ N30SB + 0,8
 (4)
Cearns and McKenzie (1988), as well as 
Warren (2007), presented graphical cor-
relations based on smaller data sets in sand 
and gravel and fine clayey sands with clayey 
layers respectively. Although these tests 
sites were formed in different geological 
depositional and weathering environments to 
southern Africa, the results can be compared 
to the results obtained in this study. The 
comparison is presented in Table 3.
It is clear that the correlation factors 
obtained with the formula fit closer to the 
correlation presented by Warren over the 
entire range of N30SB values. The Cearns 
and McKenzie’s correlation factors up to 
a N30SB value of 45 are similar to the ones 
obtained by the equation. Above this the cor-
relation factors diverge. However, very few 
data points above a N30SB value of 30 were 
presented by Cearns and McKenzie. Reading 
values from the graphs could have intro-
duced errors, as could the different geologies 
and testing procedures. The research by 
Cearns and McKenzie, and by Warren, 
appears to validate the research reported.
APPLICATION EXAMPLE
To obtain equivalent SPT N values, raw 
N30SB values (unaltered for rod friction by 
methods such as re-drive or torque correc-
tions) are entered into the function defined 
by Equation 4. The equivalent SPT N values 
can then be used in various empirical design 
methods and correlated with various design 
parameters. Raw data from the Parow site is 
presented in Figure 21 and it is clear that dif-
ferences between the two tests exist due to 
different energy losses during testing. Figure 
22 shows the N30SB values corrected for the 
energy losses by the proposed function. 
It can be seen that the correlation func-
tion transforms the N30SB values to equiva-
lent SPT N values with relative satisfaction. 
CONCLUSIONS
The aim of this paper was to evaluate the 
equivalence between the SPT and DPSH tests 
and hence determine an empirical correlation 
to account for the different energy losses dur-
ing testing. This was accomplished by analys-
ing various data sets from around southern 
Africa. Penetration resistance values were not 
just correlated statistically. Instead, quantita-
tive and qualitative geotechnical information 
gathered during the investigations was used 
to obtain physical insight to set a theoretical 
background to the discrepancies in energy 
losses. It was proposed that, because the SPT 
is carried out in a borehole, the extension 
rods do not come into contact with the soil. 
Although the DPSH is carried out with rods 
of a smaller diameter than the cone, material 
falls into the annulus surrounding the rods 
due to the dynamic nature of the test and 
ensuing vibration of the rods during impact. 
This material then exerts a rod friction 
resulting in larger energy losses in the DPSH 
than in the SPT. Probing in sandy material 
from a number of different depositional and 
weathering environments was analysed and 
different mechanisms are proposed that can 
lead to the rod friction: 
 ■ pedogenic layers with fines and weak 
cementations
 ■ collapsible sands with a considerable fines 
content
 ■ partially saturated and saturated sands
Although the proposed mechanisms varied, 
the statistical correlation showed a close 
relationship. However, a few anomalies did 
exist. At one site an abundance of shell 
fragments in the profile appeared to result 
in excessively high N30SB values and hence 
a local knowledge of geology is required for 
any interpretation of penetration resistance 
Table 2 Regressions statistics – combined data
R Square 0,5 Values Standard Error t-Stat P-Value
Standard Error 1,0 Intercept 0,8 0,048 17 2,4E-62
Observations 1212 Slope 0,02 0,001 38 1,2E-208
Table 3 Comparison of correlation factors 
N30SB 
Average Correlation 
Factor over N30SB range






0 – 15 0,8 0,9 1,0
15 – 30 1,5 1,1 1,3
30 – 45 2,0 1,7 1,6
45 – 60 3,0 2,1 1,9
60 – 75 4,5 2,3 2,2
†Cearns and McKenzie
§Interpreted graphically
*Determined by the mean value theorem
Figure 21  Raw SPT N and uncorrected N30SB 






















Figure 22  Raw SPT N and corrected N30SB 
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values. The effects of moisture content 
must also be analysed, as radical changes 
in soil strength can result, which will affect 
the penetration resistance recorded by 
either test. The close statistical relationship 
between the majority of the data allowed for 
the development of a correlation function. 
This function allows for equivalent SPT N 
values, which can be used in design, to be 
obtained from N30SB values, making this 
cheap and easy test even more practical. 
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